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The human DINB1 gene shares a high degree of homology with the
Escherichia coli dinB gene. Here, we purify the hDINB1-encoded
protein and show that it is a DNA polymerase. Because hDinB1 is
the eighth eukaryotic DNA polymerase to be described, we have
named it DNA polymerase (Pol) u. hPolu is unable to bypass a
cis-syn thymine–thymine dimer, nor does it bypass a (6–4) photo-
product or an abasic site. We also examine the fidelity of hPolu on
nondamaged DNA templates by steady-state kinetic analyses and
find that hPolu misincorporates deoxynucleotides with a frequency
of about 1023 to 1024. We discuss the relationship between the
fidelity of hPolu and its inability to bypass DNA damage.

Unrepaired lesions in template DNA can block the replica-
tion machinery. Cells have evolved specialized polymerases

to carry out translesion DNA synthesis in which nucleotides are
incorporated opposite the lesion and subsequently extended
from. Because many lesions are noncoding, incorrect nucleotides
are often incorporated, which can lead to mutations. Recently,
a new family of DNA polymerases has been identified; all of the
members of this family contain five highly conserved motifs, I–V,
and several of these polymerases participate in lesion bypass (1).
In Escherichia coli, mutagenic translesion DNA synthesis is
coordinated by the UmuD92C complex (2, 3). UmuC, a member
of this superfamily, has a weak DNA polymerase (Pol) activity
(Pol V) that is greatly stimulated by UmuD9, RecA, and SSB (4,
5). The E. coli dinB gene, also a member of this superfamily, is
required for untargeted mutagenesis in unirradiated l phage (6),
and it encodes Pol IV (7). As of yet, E. coli DinB protein has not
been shown to participate in translesion DNA synthesis. Over-
expression of DinB in E. coli results in an 1,000-fold increase of
spontaneous 21 frameshifts (8), and purified Pol IV can effi-
ciently extend from a misaligned primer-template (7).

In the yeast Saccharomyces cerevisiae, the REV1, REV3, and
REV7 genes are required for DNA damage-induced mutagen-
esis. The Rev3 and Rev7 proteins form Pol z, which can weakly
bypass a cis-syn thymine–thymine (T–T) dimer (9), and the Rev1
protein has a deoxycytidyltransferase activity (10). Although
Rev1 contains all five of the conserved motifs (1), it lacks a bona
fide polymerase activity and it preferentially inserts a dCMP
residue across from an abasic site in DNA, which can then be
extended by Pol z (10).

The S. cerevisiae RAD30 gene is involved in error-free bypass
of UV-induced DNA damage, because mutations in it result in
increased UV mutability (11, 12). The RAD30-encoded Pol h
efficiently bypasses a cis-syn T–T dimer in template DNA, and
it does so correctly by inserting two adenines across from the two
thymines of the dimer (13). The human counterpart of yeast
RAD30, hRAD30A, encodes the human Pol h, which can also
bypass a cis-syn T–T dimer (14, 15). Patients with the variant
form of xeroderma pigmentosum are defective in hPolh (14, 15),
and as a consequence, they suffer from a high incidence of
UV-induced skin cancers.

In the search for the human counterpart of yeast RAD30, in
addition to the hRAD30A gene, we identified a second cDNA
that encodes a Rad30-like protein. This gene is identical to the
recently reported human DINB1 gene (16). Here, we purify the
hDinB1 protein and show that it is a DNA polymerase. Because

hDinB1 is the eighth eukaryotic DNA polymerase to be de-
scribed, we have named it Polu. We find that hPolu does not
bypass a cis-syn T–T dimer, a (6–4) photoproduct, or an abasic
site. We determine the fidelity of hPolu by measuring the
steady-state kinetics of deoxynucleotide incorporation on un-
damaged DNA templates and show that it misincorporates
deoxynucleotides with a frequency of about 1023 to 1024.

Materials and Methods
Cloning of hDinB1. To identify the hDINB1 gene, we searched the
database of expressed sequence tags (Dbest) for human cDNAs
that share homology with the yeast RAD30 gene. One clone,
accession no. AA576919 (536 bp), was identified; its encoded
protein shared a high degree of homology with the E. coli DinB
protein. The entire hDINB1 clone was subsequently derived
from a high-throughput cDNA screening service (Genome
Systems, St. Louis). A 291-bp PCR fragment which corresponds
to nt 1313 to 1602 of the hDINB1 gene, was used to screen a
human fetal brain cDNA library. One clone, 22054, was isolated
and found to carry a 3.7-kb insert in plasmid pCDNA2.1
(Invitrogen).

DNA Sequencing. The entire insert of clone 22054 was sequenced
by using the Thermo Sequenase kit (Amersham Pharmacia), and
confirmed from sequence analysis of cDNAs generated by
reverse transcription–PCR from total HeLa RNA.

Generation of the D198E199 3 N198Q199 Mutation. The hDinB1
N198Q199 mutation was generated by PCR with the mutagenic
oligonucleotide N6148 (59-CAATTTTATGGCCATGAGTCT-
TAATCAAGCCTACTTGAAT-39), and oligonucleotide LP78
(59-GGTGACTCCATTTCCTTTCTGATCG-39). The ampli-
fied 1.16-kb DNA fragment was digested with MscI and XbaI and
used to replace the wild-type fragment in plasmid pBJ733 (see
below). The resulting plasmid, pBJ752, was sequenced to con-
firm the presence of the mutations. No other mutations were
found in the PCR fragment.

Expression of hDinB1 and Mutant Proteins. To express the wild-type
hDinB1 protein, the entire hDINB1 gene was amplified from
clone 22054 by PCR by using the oligonucleotides: LP080
(59-CCTGGGTACCGGATCCACATATGGATAGCAC-
AAAGGAGAAGTGTG-39) and LP079 (59-CCGAGGTC-
GACGGATCCTGAGGAAGGATTATTGCACTTGCC-39),
which generate BamHI restriction sites 6 nt upstream and 128 nt
downstream, respectively, of the hDINB1 ORF, and the resulting
fragment was cloned into YIplac211. The SacIySpeI DNA
fragment encompassing nucleotides 1157 to 12,468 in the 39
nontranslated region was then replaced with wild-type DNA
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from clone 22054, generating plasmid pBJ733. All PCR-
generated fragments were sequenced and found to contain no
mutations. The 2.7-kb BamHI fragment containing the wild-type
hDINB1 gene was then cloned in-frame with the glutathione
S-transferase (GST) gene under the control of a galactose-
inducible phosphoglycerate kinase promoter in the overexpres-
sion plasmid pHQ241, generating plasmid pBJ736. The hdinB1
N198Q199 mutant gene in pBJ752 was similarly cloned into
pHQ241, generating plasmid pBJ754. Yeast strain BJ5464 har-
boring either pBJ736 or pBJ754 was grown in synthetic complete
medium lacking Leu and containing 2% dextrosey3% glyceroly
2.5% lactose overnight at 30°C. Cells were diluted 1:30 in
synthetic complete medium lacking Leu as above but without
dextrose and allowed to grow for 16 h before the addition of 2%
galactose. Cells were grown for an additional 7 h before har-
vesting by centrifugation and then were stored at 270°C.

Purification of hPolu. To purify GST-hPolu protein, yeast cells
were resuspended in 2 ml of cell breakage buffer (50 mM
TriszHCl, pH 7.5y10% sucrosey300 mM NaCly1 mM EDTAy0.5
mM benzamidiney0.5 mM PMSFy10 mM 2-mercaptoethanoly5
mg/ml aprotininy5 mg/ml chymostatiny5 mg/ml pepstatin Ay5
mg/ml leupeptin) per g of cells and lysed in a French press before
centrifugation at 100,000 3 g. The extract was then passed over
a 100-ml glutathione Sepharose 4B column (Amersham Phar-
macia) at 4°C, and the column was washed with 10 volumes of
cell breakage buffer containing 1 M NaCl followed by equili-
bration in elution buffer lacking glutathione. GST-hPolu was
batch eluted with one column volume elution buffer (100 mM
TriszHCl, pH 8.0y100 mM NaCly10% glyceroly0.01% Nonidet
P-40y25 mM glutathione) three times at 4°C. Batches were
pooled, dialyzed against 1,000 volumes KB buffer, and GST-
hPolu-containing fractions were aliquoted and frozen at 270°C.

DNA Polymerase Assays. The standard polymerase reaction (10 ml)
contained 25 mM KPO4 (pH 7.0)y5 mM MgCl2y5 mM dithio-
lthreitoly100 mg/ml BSAy10% glyceroly100 mM of each de-
oxynucleotide (dGTP, dATP, dTTP, and dCTP) except where
notedy10 nM of 59-32P-labeled oligonucleotide primer annealed
to an oligonucleotide DNA templatey0.5 nM GST-hPolu. Re-
actions were terminated by the addition of 50 mM EDTA and
DNA products were precipitated with six volumes of ice-cold
acetone. Samples were dried under vacuum, resuspended in
loading buffer (95% formamidey0.3% cyanol bluey0.3% bro-
mophenol blue) and heat denatured at 95°C before resolving
products on 10% polyacrylamide gels containing 8 M urea. Gels
were dried before autoradiography at 270°C.

DNA Substrates. Substrates S-1 (template C), S-2 (template G),
S-3 (template T), and S-4 (template A) were generated
by annealing the 75 mer template oligonucleotide
(59-AGCTACCATGCCTGCCTCAAGAGTTCGTAACATG-
CCTACACTGGAGTACCGGAGCATCGTCGTGACTGGG-
AAAAC-39) to 59-32P-radiolabeled primer oligonucleotides:
N4264, 59-GTTTTCCCAGTCACGACGATGCTCCGG-
TACTCCAGTGTAG-39; N4265, 59-GTTTTCCCAGTCAC-
GACGATGCTCCGGTACTCCAGTGTAGG-39; N4266,
59-GTTTTCCCAGTCACGACGATGCTCCGGTACTCCA-
GTGTAGGC-39; and N4267, 59-GTTTTCCCAGTCACGAC-
GATGCTCCGGTACTCCAGTGTAGGCA-39, respectively.
For damage bypass assays, the ‘‘running start’’ oligonucleotide
N4264 was annealed to the 75 mer template (59-AGCTACCAT-
GCCTGCACGA AGAGT TCGTAT TATGCCTACACT-
GGAGTACCGGAGCATCGTCGTGACTGGGAAAAC-39)
containing either a cis-syn T–T dimer, a (6–4) T–T photoproduct,
or no damage at the underlined position, which were derived from
the 10mer oligonucleotide 59-CGTATTATGC-39 by ligation to
flanking 25 mer and 40 mer oligonucleotides. The modified oligo-

nucleotide 10 mer containing the site-specific T–T dimer or a (6–4)
T–T photoproduct were generated and purified as described (17,
18). The position of the abasic site corresponds to the 39 thymine
in the nondamaged 75 mer template. To assay for frameshifting, the
oligonucleotides LP108 (59-GTTTTCCCAGTCACGACGGG-
39), LP109 (59-GTTTTCCCAGTCACGACGGC-39), or LP107
(59-GTTTTCCCAGTCACGACGGT-39) were annealed to the
templates N6146 (59-AGCTACCATGCCTGCCGGGGCCCGT-
CATGACTGGGAAAAC-39) or N6147 (59-AGCTACC-
ATGCCTGCGGGGCCCCGTCATGACTGGGAAAAC-39).

DNA Polymerase Fidelity Measurements. DNA polymerase fidelity
was calculated from deoxynucleotide incorporation kinetics as
described (19, 20). The standard DNA polymerase assay was
used except that the reaction volume was reduced to 5 ml and
only a single deoxynucleotide was included. The concentrations
of deoxynucleotides were varied from 0 to 25 mM for the correct
dNTP and from 0 to 2,000 mM for the incorrect dNTPs.
Substrates S-1, S-2, S-3, and S-4 containing the template C, G,
T, or A residues, respectively, are described above. Gel band
intensities of the substrate and products of the deoxynucleotide
incorporation reactions were quantitated by using a Phospho-
rImager and the IMAGEQUANT software (Molecular Dynamics).
For each concentration of dNTP, the observed rate of de-
oxynucleotide incorporation, vobs, was determined by dividing
the amount of product formed by the reaction time. The vobs was
then plotted as a function of the dNTP concentration and the
data were fit to the Michaelis–Menten equation describing a
hyperbola (Eq. 1): vobs 5 (Vmax 3 [dNTP])y(Km 1 [dNTP]).
From the best fit curve, the apparent Km and Vmax steady-state
kinetic parameters for the incorporation of both correct and
incorrect deoxynucleotides were obtained and these parameters
were used to calculate the frequency of deoxynucleotide misin-
corporation, finc, by using the following equation (Eq. 2): finc 5
(VmaxyKm)incorrecty(VmaxyKm)correct.

Results
To identify the human genes related to yeast RAD30, we
searched the database of human expressed sequence tagged
cDNAs and identified a clone, AA576919, that bears significant
homology to yeast RAD30. This cDNA sequence was used to
screen a human fetal brain cDNA library, and a single clone,
22054, containing a 3.7-kb insert was isolated. Sequence analysis
revealed a single ORF that encodes a protein highly homologous
to the E. coli DinB protein. While this work was in progress, the
sequences of the human and mouse DINB1 genes (accession nos.
AF163570 and AF163571, respectively) were reported (16); our
hDINB1 sequence is identical to the reported sequence.

To determine whether hDINB1 encodes a DNA polymerase, we
purified the encoded protein. To accomplish this, we fused the
hDINB1 gene in-frame with the GST gene that is under the control
of a galactose-inducible phosphoglycerate kinase promoter. The
resulting fusion protein was purified from a protease-deficient
strain of yeast (Fig. 1). The hDinB1 protein was assayed for the
incorporation of each deoxynucleotide opposite its complement in
template DNA. hDinB1 is able to incorporate all four nucleotides
in a template-dependent fashion (Fig. 2A), and in the presence of
all four deoxynucleotides, hDinB1 synthesizes DNA nearly to the
end of the template (Fig. 2B). Interestingly, whereas most DNA
polymerases synthesize to the end of template DNA, or even add
an additional residue, hDinB1 protein stops synthesis one to two
nucleotides before the end of the template.

To ensure that the observed DNA polymerase activity was
intrinsic to the hDinB1 protein, we generated a mutant hDinB1
protein and showed that it lacked the DNA polymerase activity.
The highly conserved Asp and Glu residues in motif III of
Rad30-related proteins are present at positions 198 and 199 in
the hDinB1 protein, respectively, and these were changed to Asn
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and Gln, respectively. The mutant protein was purified from
yeast in the same manner as the wild-type hDinB1 protein. This
mutant protein displayed the same chromatographic properties
as the wild-type protein, but it lacked any DNA polymerase
activity (data not shown). Thus, the observed DNA polymerase
activity is intrinsic to hDinB1 protein. Because hDINB1 encodes
the eighth eukaryotic DNA polymerase, we have named it
polymerase u (Polu).

To determine whether hPolu can bypass DNA lesions, we
examined the ability of this protein to replicate from templates
containing a cis-syn T–T dimer, a (6–4) T–T photoproduct, or an
abasic site. hPolu is unable to bypass a cis-syn T–T dimer, and
moreover, synthesis by hPolu was strongly blocked two nucleo-
tides before the dimer (Fig. 3). hPolu also does not bypass a
(6–4) photoproduct or an abasic site (Fig. 3).

Whereas the E. coli DinB protein does not readily extend a
mispaired 39 terminus, it can extend from a misaligned primer–
template (7). To determine whether hDinB1 has a similar
property, we examined DNA synthesis from DNA substrates that
can misalign, and the various DNA substrates used are shown in
Fig. 4A. The G:C DNA substrate has a correct G:C bp at the 39
terminus of the primer. The C:C (21) substrate has a C:C
mispair at the primer terminus; however, this C in the primer can
misalign with the nucleotide G at position 21 in the template.
Extension from the misaligned primer would result in a product
one nucleotide shorter than full length. The C:C (22) substrate
also has a C:C mispair at the primer–terminus, and in this case,
this C in the primer can misalign with a G residue at position 22
in the template, extension from which would result in a product
2 nt shorter than full length. Finally, the substrate with a T:C
mispair at the primer terminus cannot misalign on the template.
Because of the presence of the proofreading 39 to 59 exonuclease
activity, the Klenow fragment removes the mispair and synthe-
sizes full-length DNA from the mispaired substrates (Fig. 4B,
lanes 2–4). However, even though hPolu has no proofreading 39
to 59 exonuclease activity, it can synthesize DNA from the C:C
(21) substrate by misaligning (Fig. 4B, lane 6), but it is very
inefficient at extending from the C:C (22) substrate (Fig. 4B,
lane 7), and it extends weakly from the T:C substrate (Fig. 4B,
lane 8). To examine whether the ability to extend from the
misaligned or mispaired substrates was unique to hPolu, we
examined the ability of hPolh to extend from these different

primer termini. hPolh, which also lacks a proofreading 39 to 59
exonuclease activity, is able to synthesize from the C:C (21)
misaligned substrate (Fig. 4B, lane 10); and moreover, it is more
efficient than hPolu in synthesizing from the C:C (22) mis-
aligned substrate (Fig. 4B, lane 11). hPolh is also able to
synthesize from the mispaired T:C substrate (Fig. 4B, lane 12).

To determine the fidelity of hPolu, we used a steady-state
kinetics assay to measure the incorporation of correct and
incorrect deoxynucleotides opposite each of the four template
nucleotides. hPolu was incubated with primer–template DNA
substrates and increasing concentrations of correct or incorrect
deoxynucleotides. DNA products were separated by gel electro-
phoresis. The pattern of incorporation of G, A, T, and C opposite
the template C residue is shown in Fig. 5A, whereas the
incorporation of G, A, T, and C opposite the template G is shown
in Fig. 5B. The amount of deoxynucleotide incorporation was
quantified by phosphorimaging, and from the kinetics of de-
oxynucleotide incorporation, the steady-state Vmax and apparent
Km parameters were obtained from the curve fit to Eq. 1 (see
Materials and Methods). The frequency of misincorporation, finc,
for each incorrect nucleotide across from the respective template
nucleotide was then obtained from Eq. 2 (see Materials and
Methods). For instance, for the incorporation of G opposite the

Fig. 1. Purified GST-hDinB1 protein. Lane 1, molecular weight markers and
lane 2, 100 ng hDinB1 protein. The arrow on the right indicates the position
of the full-length GST-hDinB1 protein. The lower band is a degradation
product of this protein.

Fig. 2. Deoxynucleotide incorporation and DNA polymerase activity of
hDinB1. (A) A 0.5 nM concentration of hDinB1 protein was incubated with 10
nM DNA substrate and with a 10 mM concentration of a single deoxynucle-
otide as indicated. A portion of each substrate is shown on top. (B) A 0.5 nM
concentration of hDinB1 protein was incubated with 10 nM DNA substrate S-1,
S-2, S-3, or S-4 in the presence of a 100 mM concentration of each of the four
dNTPs. Sizes of primers and products are shown on the right.
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template C, the Vmax and apparent Km values are 1.9 nMymin and
0.6 mM, respectively, and for the incorporation of C opposite the
template C, the Vmax and apparent Km values are 1.2 nMymin and
346 mM, respectively; thus, from Eq. 2, the finc for misincorpo-
rating C opposite C is 9.4 3 1024 (Table 1). The Vmax, Km, and
finc values for the incorporation of all four deoxynucleotides
opposite each template nucleotide are shown in Table 1. Overall,
the fidelity of hPolu ranged from 1.5 3 1024 for the misincor-
poration of T opposite template T to 3.0 3 1023 for the
misincorporation of G opposite template A.

Discussion
Whereas UmuC-like proteins have been identified in bacterial
species, Rad30 and Rev1 types of proteins exist only in eu-
karyotes, and DinB-like proteins have been identified in both
prokaryotes and eukaryotes (1). A greater diversity of these
proteins seems to be present in higher eukaryotes, because
humans contain two Rad30-like proteins, a DinB-like protein,
and a Rev1 cognate, whereas S. cerevisiae has only the Rad30 and
Rev1 proteins (1). The S. cerevisiae RAD30 and the human
hRAD30A genes encode Polh which bypasses a cis-syn T–T dimer
by inserting two adenines across from the dimer, and consistent
with this biochemical observation, mutations in this gene in both
yeast and humans cause UV hypermutability, and defects in
hRAD30A in humans result in the cancer-prone variant form of
xeroderma pigmentosum (14, 15). The protein encoded by
hRAD30B more closely resembles hRad30A than it does hDinB1
(16, 21).

Here, we purify the human DinB1 protein and show that it
is a DNA polymerase, which we have named Polu. The
sequence of the protein encoded by the Drosophila mus308
gene shares similarity with the polymerase domain of E. coli
DNA polymerase I (22), and a sequence related to mus308 has
also been identified in humans. Based on this sequence
similarity, the encoded human protein was named Polh by one
group (23) and Polu by another (24). However, because no
DNA polymerase activity has been identified for either of

these Drosophila or human proteins, we consider this nomen-
clature premature.

In E. coli, dinB affects untargeted mutagenesis in phage l,
which is observed when undamaged l DNA infects UV-
irradiated E. coli cells. Also, overexpression of dinB in the
absence of DNA-damaging agents enhances the mutagenesis of
F9 lac plasmids, and results in a predominant increase in the
frequency of 21 frameshifts in homopolymeric runs. Purified E.
coli DinB protein can synthesize DNA from a G-G mismatch
placed within a short repetitive sequence, but it does so by
misaligning the primer and generating 21 frameshifts (7). A role
for the E. coli dinB gene in the replication of repetitive DNA
sequences via template misalignment has been suggested (7).
However, we find that even though hPolu can elongate from a
C:C (21) misaligned primer, it is no more efficient at this than
is hPolh. Moreover, hPolu is quite inefficient at elongating from
a template–primer where replication would occur by misalign-
ment that would generate a deletion of two nucleotides, whereas
hPolh can extend from such a substrate. These results suggest
that hPolu may not be specifically involved in the replication of

Fig. 3. Lack of damage bypass by hPolu; 0.5 nM hPolu was incubated with 10
nM DNA substrate in the presence of a 100 mM concentration of each of the
four dNTPs. Lane 1, undamaged DNA; lane 2, a cis-syn T–T dimer containing
template; lane 3, a (6–4) T–T photoproduct containing template; and lane 4,
an abasic site containing template. The arrow on the right indicates the
position of the first T of the dimer, the first T of the (6–4) photoproduct, or the
position of the abasic site in the template.

Fig. 4. Synthesis from misaligned or mispaired primer–template substrates
by hPolu. (A) A portion of each primer–template substrate is shown. In each
case, the primer is 20 nt long and the template is 40 nt long. The G:C substrate
contains the correct bp at the primer–template junction, and extension would
result in full-length product. In the C:C (21) substrate, a C:C mispair is at the
primer–template junction. The C in the primer, however, can base pair with
the underlined G residue at position 21 in the template, extension from which
would result in a 21 frameshift. The C:C (22) substrate also has a C:C mispair
at the primer terminus, and in this case, the C in the primer can base pair with
the underlined G residue at position 22 in the template. Synthesis from this
misaligned template would result in a 22 frameshift. The T:C substrate is
unable to misalign; therefore, synthesis from this primer would occur by
extension from the mispair and result in full-length product. (B) Extension of
G:C, C:C (21), C:C (22), and T:C DNA substrates by E. coli Klenow fragment,
hPolu, or hPolh. Lanes 1–4, extension of each substrate by Klenow fragment;
lanes 5–8, extension of each substrate by hPolu; and lanes 9–12, extension of
each substrate by hPolh. Lengths of primer extension products are indicated
on the left.
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repetitive sequences via template misalignment, as has been
proposed for the E. coli DinB protein.

Our results indicate that hPolu is unable to bypass a cis-syn
T–T dimer, a (6–4) T–T photoproduct, or an abasic site. The
inability of hPolu to bypass a T–T dimer is in contrast to the
efficient bypass of this lesion by yeast and human Polh. To
understand the probable basis for this difference in the ability of
Polh vs. Polu to bypass DNA lesions, we determined the fidelity
of hPolu by measuring the steady-state kinetics of correct and

incorrect deoxynucleotide incorporation across from the non-
damaged DNA templates. Our studies indicate that hPolu mis-
incorporates deoxynucleotides with a frequency of 1023 to 1024.
In contrast, the fidelity of yeast and human Polh is 1022 to 1023

(25, 26). As discussed below, fidelity may be a key factor in
determining whether or not a DNA polymerase will bypass a
DNA lesion.

Most DNA polymerases, but especially those involved in
replication, misincorporate deoxynucleotides very infre-
quently (19, 20, 27, 28). This high fidelity derives, in part, from
the intolerance of the active site of these enzymes for geo-
metric distortions in DNA (27), and unless the geometry is
correct, they do not form a phosphodiester bond between the
primer and the incoming deoxynucleotide (29). Thus, even
though the thymines of a T–T dimer can base pair with
adenines (30, 31), a dimer is a block to most DNA polymerases,
presumably because the active site of these enzymes is unable
to deal with the DNA distortion caused by the dimer (32, 33).
The ability of Polh to bypass a T–T dimer would suggest that
relative to other DNA polymerases, the active site of Polh is
more f lexible, and that renders the enzyme more tolerant of
DNA distortions. That, in turn, would be expected to lower the
fidelity, and consistent with this, Polh is a low-fidelity enzyme
(25, 26). In contrast, the eukaryotic replicative Pold has an
error rate of '1025, and Pola, required for lagging strand
DNA synthesis, has an error rate of 1023 to 1024 (34). Thus,
the error rate of hPolu is about the same as that for Pola. We
note that none of these DNA polymerases, Pold, Pola, or
hPolu, which have error rates of 1023 to 1025, bypass a T–T
dimer (refs. 9 and 13, and this study), whereas yeast and hPolh,
which have error rates of 1022 to 1023, are able to do so. Thus,
a low-fidelity enzyme may be better able to bypass DNA
lesions than an enzyme with a high fidelity.

We thank Christine Kondratick for help with cloning of the hDINB1
gene, and Richard Hodge for providing the thymine dimer and (6–4)

Fig. 5. Steady-state deoxynucleotide incorporation by hPolu. (A) Incorporation of the correct and the incorrect deoxynucleotides across from a template C
residue in substrate S-1. A portion of the substrate is shown on top. (B) Incorporation of the correct and the incorrect deoxynucleotides across from a template
G residue in substrate S-2. Deoxynucleotide concentrations (mM) are indicated.

Table 1. Steady-state kinetic values and misincorporation
frequencies for hPolu

Template
residue

Incoming
dNTP Vmax, nMymin Km, mM VmaxyKm finc

G G 0.3 6 0.02 284 6 47 0.001 2.2 3 1024

A 0.7 6 0.04 178 6 37 0.004 8.9 3 1024

T 0.8 6 0.04 638 6 88 0.001 2.2 3 1024

C 1.8 6 0.06 0.4 6 0.05 4.5

A G 0.3 6 0.02 118 6 41 0.003 3.0 3 1023

A 0.2 6 0.01 350 6 56 6 3 1024 6.0 3 1024

T 2.2 6 0.3 2.2 6 0.8 1.0
C 1.2 6 0.1 1,420 6 305 8 3 1024 8.0 3 1024

T G 0.38 6 0.05 117 6 33 0.003 4.4 3 1024

A 1.9 6 0.05 0.28 6 0.09 6.8
T 0.3 6 0.02 213 6 55 0.001 1.5 3 1024

C 1.0 6 0.02 551 6 33 0.002 2.9 3 1024

C G 1.9 6 0.08 0.6 6 0.1 3.2
A 0.22 6 0.01 251 6 31 9 3 1024 2.8 3 1024

T 0.07 6 0.01 121 6 41 6 3 1024 1.9 3 1024

C 1.2 6 0.4 346 6 37 0.003 9.4 3 1024
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photoproduct-containing DNA, the construction of which was supported
by National Institute on Environmental Health Sciences Center Grant
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